Dynamics of playa lakes in the Texas High Plains by Reeves, C. C., Jr.
Paper W 13 
DYNAMICS OF PLAYA LAKES IN THE TEXAS HIGH PLAINS 
C. C. Reeves, Jr., Department of Geosciences, TPX,~ :  Tech University, Lubhck,  
Texas 
This s tudy  shows t h a t  s a t e l l i t e  imagery can be used 
f o r  a  census of  t h e  thousands of l a k e  b a s i n s  which comronly 
e x i s t  i n  semi -a r id  a r e a s ,  and which s p o r a d i c a l l y  c o n t a i n  
wa te r  a t  v a r i o u s  t imes  o f  t h e  yea r .  Storm p a t h s  and runoff  
c o l l e c t e d  by juch l a k e  b a s i n s  can a i s o  bc c l ~ s e l y  monitored,  
t h e  accuracy dependent on p e r i o d i c i t y  o f  t h e  o r b i t s  and t h e  
s i z e  of  t h e  b a s i n s .  Study of  t h e  r e l a t i o n s h i p s  between 
s p e c t r a l  d i f f e r e n c e s  (ob ta ined  from ERTS-1 imagery) and the  
wa te r  ba lance  ecosystem of t h e  l a k e  b a s i n s  i s  i n  a  p r e l l m i -  
na ry  s t a g e .  However, e x a m i ~ ~ a t i o ~ i  f  ERTS-1 MSS frames show 
t h a t  Band 4 has  t h e  p o o r e s t  toc.al  c o n t r a s t  i n  s e m i - a r i d  West 
Texas, Band 5 i s  b e s t  f o r  d e f i n i t i o n  o f  v e g e t a t i m ,  Band 6 
i s  b e s t  f o r  d e f i n i n g  l a r g e  wa te r  a r e a s ,  and Band 7 i s  b e s t  
f o r  count ing  smal l  l a k e  b a s i n s  wi th  water .  
, 
Ground-truth s t u d i e s  r e v e a l  s i g n i f i c a n t  d i f f e r e n c e s  be- 
tween t h e  t e s t  s i t e s ,  t h e  r e l a t i v e  importance of which w i l l  
be r e f l e c t e d  by t h e  hydro log ic  ba lance  of each l a k e  b a s i n .  
The s t u d y  a r e a  covers  approximately 30,000 square  mi les  
of  t h e  sou the rn  High P l a i n s  o f  West Texas and e a s t e r n  New 
Mexico (Fig.  1 )  , ex tend ing  from t h e  Canadian River Va l l ey  on 
the  n o r t h  t o  t h e  Edwards P l a t e a u  0 ~ 1  t h e  south .  E a s t  and 
west  boundhr ies  a r e  marked by h igh  c a l i c h e  escarpmegts.  I n  
t h i s  a r e a  t h r e e  smal l  p laya  l a k e  b a s i n s ,  cons ide red  t y p i c a l  
of t h e  tens-of- thousands  o f  l a k e  b a s i n s  which pockmark the  
a r e a ,  were o r i g i n a l l y  s e l e c t e d  a s  ERTS-1 s t u d y  s i t e s ,  a  
f o u r t h  l a r g e r  b a s i n  complex t y p i c a l  o f  t h e  l a r g e  l a k e  b a s i n s  
of t h e  a r e a  be ing  added a f t e r  r e c e i p t  o f  t h e  f i r s t  imagery. 
Objec t ives  were: 1) t o  s tudy  t h e  w a t e r  budget  o f  t h e  l a k e  
b a s i n s ,  2 )  t o  r e l a t e  s p e c t r a l  d i f f e r e n c e s  o b t a i n e d  by ERTS 
s a t e l l i t e  photography t o  t h e  w a t e r  ba lance  ecosystem and 
geology of t h e  b a s i n - ,  3) t o  e x t r a p o l a t e  t h e s e  i n t e g r a t e d  
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Figure 1 - Index of t he  southern  
High P l a in s .  
da t a  t o  o the r  such l ake  ba s in s  on t he  P l a in s  and, 4 )  t o  co r -  
r e l a t e  space-acquired s i g n a t u r e s  t o  s o i l s ,  s o i l  mois ture ,  
geology and p l a n t s .  
The o r i g i n a l  P I ,  D r .  W.D. M i l l e r ,  was k i l l e d  i n  a 
t r a g i c  acc iden t  June 2 2 ,  t hu s ,  i n  a d d i t i o n  t o  t h e  ground 
t r u t h  s t u d i e s  and photo i n t e r p r e t a t i o n ,  I assumed respon- 
s i b i l i t y  o f  keeping up wi th  t h e  " i n t e rmi t t en t "  paper work. 
The p r o j e c t  has  a l s o  been plagued by weather. Out of 11 
passes  through January 1973, only  5 have been usable :  we 
have received only  4 o f  those ,  However, t he  de t r imen t a l  
c l i m a t i c  even t s  have been y i e ld ing  an unusual weal th  of 
hydrologic  da t a .  
2 .  APPROACH 
Ground t r u t h  of t he  t h r ee  small  p laya bas ins  was s e -  
cured dur ing t he  summer of 1972, and ground t r u t h  s t ud i e s  
a r e  s t i l l  underway a t  the  l a rge  s tudy s i t e .  This da t a  con-  
s i s t s  of:  1)  s o i l  surveys ,  2 )  vege ta t ion  surveys ,  3) geo- 
log ic  surveys,  and 4 )  water balance s t u d i e s .  
The t h r ee  ba s in s ,  each ccvering approximately 10,000 
square meters,  and t he  t h r ee  playas  each covering approxi-  
mately 1000 square meters ,  were s taked on 100 n pr ids .  S o i l  
s c i e n t i s t s ,  using a  power probe and s o i l  auger ,  --ook cores 
o r  samples t o  -6 f e e t  a t  each i n t e r s e c t i o n .  Int . . !rsections,  
s:art ing i n  t he  p resen t  p l ayas ,  were d r i l l e d  by power 
f l i gh t - auge r  u n t i l  t he  s t r and  l i n e s  and th ickness  of the  
l a c u s t r i n e  sediments were def ined.  Each bas in  was cored i n  
the  deepest  spot .  Vegetation s t u d i e s  (con t r ibu ted  t o  the  
program by an ou ts ide  i n v e s t i g a t o r )  a re  being conducted by 
10 x 10 m g r i d  sampling over an 800 m g r i d  square.  The 
large  bas in ,  (Fig.  2 ) ,  cons i s t i ng  of a dual  p laya complex 
5 miles long i n  a  9 square mile b a s i n ,  i s  no t  being s tud ied  
i n  such d e t a i l ,  although a geologic map, s o i l  survey,  and 
subsurface maps a r e  being constructed.  The water balance 
in  one of the  small  bas ins  and i n  t he  l a r g e  playa complex i s  
monitored by checking r a i n f a l l ,  runof f ,  i n f i l t r a t i o n  (by 
tensiometers)  and evaporat ion.  Figure 3 i l l u s t r a t e s  the  
weather monitoring s e t  up a t  small  T-Bar p laya ,  ERTS-1 t e s t  
s i t e  No. 3. 
3. PRELIMINARY RESULTS 
No r e s u l t s  a r e  y e t  ava i l ab l e  from t h e  vege ta t ion  ?r 
water budget s t u d i e s .  S o i l  and geologic s t u d i e s  a r e  com- 
p l e t e  a t  t he  t h r ee  o r i g i n a l  s i t e s  and s t i l l  underway a t  the  
l a rge  Double Lakes s i t e .  Work t o  d a t e ,  us ing  bulk p o s i t i v e  
9 x 9 t ransparex~c ies  wi th  o p t i c a l  magnif icat ion and dens i t y  
s l i c i n g ,  shows t h a t  Band 4 has t he  poores t  t ona l  c o n t r a s t ,  
bu t  i s  b e s t  f o r  def in ing  c i t i e s  and highways. Band 5 i s  
bes t  f o r  d e f i n i t i o n  o f  vege ta t ion ,  Band 6 i s  b e s t  f o r  de- 
f i n i n g  l a r g e  water a r ea s  and Band 7 i s  b e s t  f o r  counting 
t he  small  l ake  bas ins  wi th  water. 
Ground-tmth s t u d i e s  show t h a t  t he  t h r e e  small  p laya  
bas ins ,  al though s i m i l a r  appearing,  a c t u a l l y  have many d i f -  
ferences ,  and these  d i f f e r ences  a r e  going t o  a f f e c t  t he  
water balance.  For example, the  p r e sen t  p laya  and f r i n g i n g  
s o i l s  a t  S i t e  #1 (Heard) a r e  under la in  by up t o  25 f e e t  of 
Figure 2 - A e r t a l  view of North Double Lake, 
Lynn County, Tt -as. South Double 
Lake in backgrc nd. Star indi- 
cates location bf instrumentation. 
Figure 3 - T-Bar study site with weather 
monitoring instrumentation. 
,- - 
c igui-e 4  - Isopachous map l a c u s t r i n e  
sedimects  st ERTS s tudy  s i t e  
No. 1 (Heard p l a y a ) .  Dotted 
l i n e  marks p r e s e n t  p laya  
shase  . 
l a c u s t r i n e  c l a y  which accumulated i n  a  p laya  4  t imes t h e  
s i z e  o f  t h e  p r e s e n t  p laya  (Fig. 4 ) ,  b u t  a t  S i t e  1 3  (T-Bar) 
t h e  p r e s e n t  p l a y a   arks t h e  maximum e x t e n t  of the  l a c u s t r i n e  
f i l l .  
A l l  of  t h e  smal l  b a s i n s  a r e  u n d e r l a i n  by t h e  P l iocene  
c a l i c h e ,  t h e  c a l i c h e  e x h i b i t i n g  "excavat ions"  i n  which t h e  
l a c u s t r i n e  f i ' l  c o l l e c t e d  (Fig.  5 ) .  Th i s  i n d i c a t e s  t h a t  t h e  
b a s i n s  r e s u l t e d  from undu la t ions  i n  t h e  P l iocene  s u r f a c e  on 
which t h e  c a l i c h e  formed, o r  t h a t  s i g n i f i c a n t  s o l u t i o n  of  
t h e  upper p a r t  o f  the c a l i c h e  has  occur red  beneath t h e  
b a s i n s ,  l o c a t i o n  having no th ing  t o  do w i t h  the  c a l i c h e .  The 
former p o s s i b i l i t y  appears  more l i k e l y  i n  l i g h t  o f  o t h e r  
f i e l d  s t u d i e s  o f  s i m i l a r  b a s i n s .  
Figure 5 - S t r u c t u r e  map on t o p  of  P l i o -  
fene  c a l i c h e  a t  ERTS-1 s tudy  
s i t e  No. 1 (Heard p l a y a ) .  
On the  o t h e r  hand, p r e l i m i n a r y  g round- t ru th  a t  t h e  
l a r g e  Double Lakes s i t e  shows t h a t  t h e  p resen t  p laya  i s  
formed on and a d j a c e n t  t c  a  Cretaceous topographic  h i g k  and 
t h a t  o l d e r  l a c u s t r i n e  c l a y s  o v e r l i e  perineab li. O g a i l a l a  sands  
which c o n s t i t u t e  the  r e g i o n a l  a q u i f e r .  Thus, t h e  poor q u a l -  
i t y  wa te r  a r e a  i n  t h e  a q u i f e r  downdip from t h e  Ilouble Lakes 
s i t e  (and t h i s  i s  aiways t h e  case  downdip from o t h e r  s i m i l a r  
l a r g e  b a s i n s  i n  the  a r e a )  is probably due t o  i n f i l t r a t i o n  of 
runof f  through s a l i f e r o u s  l a c u s t r i n e  sediments o r  i n f i l t r a -  
t i o n  o f  s a l i n e  water  from t h e  p r e s e n t  p laya .  We w i l l ,  hope- 
f u l l y ,  be a b l e  t o  p i n p o i n t  t h i s  t r o u b l e  when we c o r r e l a t e  
wa te r  f l u c t u a t i o n s  measured from ERTS imagery w i t h  wa te r  
ba lance  d a t a .  
The workable r e s o l u t i o n  of  t h e  imagery has  p r e s e n t e d  
problems. An o p t i c a l  r e s o l u t i o n  of  about 10 m was d e t e r -  
mined f o r  h igh c o n t r a s t  l i n e a r  o b j e c t s  on bands 6 and 7. 
Figure 6  - Double Lakcs and T-Sar ".TS-1 
s tudy  s i t z s ,  Lynn County, Texas. 
S o t i c e  r e s o l u t i o n  d i f f i c u l t i e s  
o f  measuring wa te r  e x t e n t  a t  
T-Bar s i t e  ja r rou)  b u t  h o ~  
water  e x t e n t  i s  imaged st 
S o r t h  Double Lake. F r s m  SRT 
YY monitor .  
However, v e g e t a t i o n  s u r r o u n ~ i n g  t h e  t h r e e  smal l  p layas ,  
:hLch range frolil 200  t o  400 m i n  d iameter ,  Y ~ & ~ C E S  c o n t r a s t  
tetween t?:e water  bnd 1-egetat ion i n  t h e  p layas .  Thus, a l -  
+%ough t h e  playa; a r e  r e s o l v a b l e ,  t h e  measurement of  changes 
i n  wa te r  a r e a ,  even when magnif ied ,  have n o t  been p o s s i b l e  
wi th  any confidence.  ilor-ever, w a t e r  f l u c t u a t i o n s  i n  bo th  
p layas  of  t h e  Double Lake s i t e  a r e  e a s i l y  measureable. For 
example. on tile 29 J u l y  p a s s  South Double Lake nad a  w a t e r  
a i e a  of 1.54 km2 2nd North Double Lake a  wa te r  a r e a  o f  1.62 
km?. Figure  6 i l l u s t r a t e s  t h e  wa te r  a r e a  of  t h e  Double Lake 
s i t e  i r o n  t h e  9 October pass .  Not ice  i n  the  n o r t h  p laya  how 
the  water  shal lows t o  t h e  n o r t h ,  t h e  wet mud ~ n d  r y  p a r t s  
of the  ~ l a y a  having s i g n a t u r e s  d i s t i n c t  from t h e  f looded 
p a r t .  
Various s o i l  s i g n a t u r e s  i n  t h e  t h r e e  smal l  l ake  b a s i n s  
a r e  n o t  apparent  on the  imagery, a l though t h e  d i f f e r e n c e  i n  
bas in  s o i l s  which have a  h igher  r e f l e c t i v i t y  from surround-  
ing e o l i a n  sands i s  n o t i c e a b l e .  However, i n  thr  l a r g e  
Double Lakc s i t e  s eve ra l  s o i l s  a r e  exh ib i t i ng  s p e c t r a l  s i g -  
natures.  For example, t he  Drake and Po r t e r  s o i l s  have a  
high r e f l ec t ance ,  the  Baadall i s  opaque t o  whi te ,  and the  
surrounding Erownfield and Amarillo range i n  between. 
Enhancement by dens i ty  s l i c i n g  v iv id ly  emphasizes t h e s e  
d i f fe rences  i n  r e f l e c t i v i t y .  
In areLs of dense vege ta t ioa ,  such as the  sorghum 
f i e l d s  i n  the  nor thern  h a l f  of  1007-16575, water f i l l e d  lake 
basins cannot be d i s t inguished  on the  t r a n s p a r e i ~ c i e s  on Band 
5 because of lack of c a n t r a s t  between the  vege ta t ion  and 
water s igna tures .  However, on Bands 6 o r  7 ,  vegetat ion no 
longer appears opaque and the  w a t e r - f i l l e d  lake  bas ins  s tand  
out.  
4. BENEFITS 
Regional scanning of the  ERTS t ransparenc ies  shows t h a t  
the number of lake bas ins  containing water on the  southern 
High P l a in s ,  a t  any image time, can be counted. Offhand, 
t h i s  does not  seem t o  be much of an advantage, but  when you 
r e a l i z z  t h a t  we a r e  t a l k i n g  about 220,000 lake  bas in s ,  it 
has here - to - for=  been impossible from monetary, manpower, 
and time cons idera t ions ,  t o  take a  reg iona l  "wet" census. 
For example, i n  an a rea  of approximately 40 sq  km on scene 
1006-16522, 353 small  p laya lake  bas ins  conta in  water,  and 
the  count could be a s  high a s  447. A t o t a l  o f  6631 playas  
contain  water i n  t he  e n t i r e  scene. Such a  census is  of  
g r ea t  s i gn i f i cance  i n  any semi-arid a r e a  t o  determine how 
much water i s  ava i l ab l e  f o r  a r t i f i c i a l  ground-water re-  
charge, o r  f o r  i r r i g a t i o n ,  a t  var ious  t imes of the  year.  
Individual  storm t r acks  czn a l s o  be i d e n t i f i e d  and the  
number of l ake  bas ins  f i l l e d  by such i s o l a t e d  storms can be 
counted. ERTS-1 scene 1006-16522 of 29 Ju ly ,  1972, images 
a northwest-southeast  t rending storm path which s k i r t e d  the  
southwest p a r t  of Lubbock. This i s o l a t e d  storm c e l l ,  wi th  
tops t o  25,000 f e e t  and a d i m e t e r  of 2.4 km when spo t t ed  
by radar  a t  1940 GMT 62 miles northwest of Lubbock, was 
moving t o  the  southeast .  The wetted pa th  measures from 2 
t o  near ly  5  km wide and extends f o r  38 km across  the  image. 
A t  l e a s t  347 small  playa bas ins  wi th in  t h i s  storm path con- 
t a i n  water (on the  image), but  unfor tuna te ly  antecedent 
condi t ions  were no t  imaged. Hawever, many dry p laya  bas in  
immediately t o  e i t h e r  s i de  of t he  storm pa th  suggest  t h a t  
tCc basins containing water i n  t h e  storm pa th  were f i l l e d  by 
t he  storm. 
Subsidiary benefits not connected with this study are, 
to date, the conformation of previously observed rcgional 
lineaments, the local zlignaient of the playa lake basins, 
and the discovery of new lineaments. Crop signztures are 
distinctive and, I suspect, identifiable (see Marion 
Baumgar??er1s report, LARS, Purdue University). Grassland 
signatures are separable from cultivated land signatures. 
Quantitative measurements of density profiles across 
the test sites and correlation of water depths with CCT 
data will be investigated in the next few months. During 
the coming summer, with a year's hydrologic data on hand, 
the relationships between the ERTS-1 spectral signatures, 
vegetation, lake level fluctuations and water balance of 
the test sites will be determined. 
